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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
Integrated circuit (IC) chips are the heart of electronic system controls, and 
since they are typically sensitive to electrical, mechanical, physical and chemical 
influences, they require special considerations by the packaging engineer.  Today’s 
circuit and system-level requirements of high performance, high reliability and low 
cost have placed greater demands on the packaging engineer to have a better 
understanding of the existing and emerging IC packaging technologies.  
 
 
The number of input/output (I/O) pin count for high-end use is increasing all 
the time with decreasing package size.  On these advanced high pin count chips, the 
electrode pads are arranged into an area array with narrow pad pitch and bumps are 
formed on each pad for flip chip interconnection.  Assembly in flip chip 
interconnection is a direct electrical and mechanical connection face down of a bare 
die onto the printed circuit board (PWB) by means of solder bumps.  As shown in 
Figure 1.1 the entire interconnection system consists of four parts: under bump 
metallurgy (UBM) on the die side, solder balls, and substrate metallization pad with 
top surface metallurgy (TSM).  Both UBM and TSM provide adhesion, diffusion 
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barriers and protection layers.  During assembly, and hence soldering, the solder 
melts and an intermetallic layer forms between the solder and metallurgy pads on 
both sides of the package.  
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Figure 1.1: Schematic showing the main parts of an electronic package  
 
 
The demand has recently increased for new bump formation technologies 
which enable the simultaneous formation of large numbers of bumps with a narrow 
bump pitch at low cost and short tact processing.  However, some reliability issues 
may be arising from the utilization of smaller solder bump size.  
 
 
Due to its excellent conductivity and surface for soldering, copper has been 
widely used as the substrate materials.  However, several types of metal coating must 
also be deposited on copper surfaces as board finishes for the purpose of providing 
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wetting surfaces and protection against the environment.  The selection of a 
metallurgical system (solder – top surface metallurgy) is very important because of 
its influence on the reliability of electronic assemblies.  Typical surface finish 
metallurgy consists of two main layers: 1) a solderable layer in contact with the 
underlying copper and 2) a protective layer on top of the solderable layer.  The 
purpose of the solderable layer is to provide the surface to which the liquid solder 
wets and then adheres upon solidification.  This same solderable layer also acts as the 
diffusion barrier by preventing diffusion of the solder to the copper substrate.  The 
protective layer serves to protect the solderability of the solderable layer from 
degradation due to exposure to ambient environment until reflow soldering occurs.  
During reflow the solder melts and the protective layer dissolves into the molten 
solder exposing in the process the solderable layer to the molten solder.  The 
solderable layer now is also subjected to dissolution by the molten solder until 
solidification is complete.  This results in the formation of an intermetallic layer 
between the solderable layer and solder.  This intermetallic layer will grow in 
thickness during subsequent thermal ageing after assembly due to solid – solid 
reaction between the solderable layer and the solder by solid-state diffusion.  
 
 
An important aspect of solder joint processing is a good understanding of the 
solder – substrate metallization reaction.  The intermetallic layer, which develops 
from this reaction, is essential in order to achieve strong and reliable solder joints.  
However, excessive growth of this intermetallic layer may lead to degradation of 
solder joint reliability.  Also the morphology of the intermetallic layer after soldering 
and subsequent solid-state thermal processes may also affect the reliability of the 
solder joint. 
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1.2 Field of Research 
 
 
While the majority of surface finishes can be considered as multifunctional in 
nature, their primary function remains that of providing either solderability 
protection to the underlying copper basis material or to act as a solderable surface to 
which the solder joint will be formed.  There are many factors that can influence the 
choice or rejection of a surface finish – cost, availability and even misinformation – 
but as a minimum a good surface finish should have or meet the following criteria: 1) 
It must have reasonable shelf-life; 2) It must be capable of withstanding multiple 
process steps; 3) It should be compatible with existing assembly equipment. 
 
 
Among these board finishes, electroless nickel/ immersion gold (ENIG) has 
gained a significant level of interest in the last few years. This metal coating is 
deposited directly on copper to provide a diffusion barrier (to prevent copper 
dissolution in liquid solder), is very solderable, provides flat board finishes and 
protects against oxidation. Also, compared to other metals, growth of intermetallics 
between Ni and Sn is much slower.  However, as the usage of ENIG increased, a 
problem of void formation which leads to brittle failure was found.  These voids are 
also known as the Kirkendall voids.  It is believed that these voids are formed 
because of the fast diffusion of Ni from the phosphorus rich nickel layer, which is a 
by-product layer of Ni-Sn interfacial reaction.  This concern of voiding is further 
magnified with lead-free soldering.  Thus, the search for a surface finish that 
produces high reliability of solder joints continues.  
 
 
An ideal surface finish is still eluding most researchers and manufacturers 
especially with the imminent global usage of lead free solders.  Thus, the need to find 
the most suitable and low cost surface finish has become necessary.  Recently, silver 
coatings, including the new immersion silver coatings are used in numerous 
electronic components (Arra, M., et al., 2003).  This is due to its lower material cost, 
wire-bondable and silver coating itself does not melt, but instead, it dissolves into the 
molten solder, which may decrease the speed of wetting.  Apart from that, immersion 
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silver can develop single element coating (which can reduce cost); result in relatively 
thin layers (typically less than 1µm) because the deposition process halts when the 
substrate surface is completely covered with the coated material. 
 
 
Based on the challenges discussed above, this research aims at understanding 
the interfacial reactions occurring during soldering and subsequent thermal ageing 
between different lead-free solders and different surface finishes metallurgies.  Many 
research studies have been performed on the interfacial reactions between lead-free 
solders and various surface finish metallurgies, such as Cu, and ENIG but very little 
research has been done on immersion silver finish and thus knowledge on interfacial 
reactions during reflow and ageing is lacking.  The current research addresses in 
particular the effect of solder bump sizes, solder composition, and thermal ageing on 
the type, size and morphologies of intermetallics formed on immersion silver (ImAg) 
and electroless nickel/immersion gold (ENIG) finishes.  The solder alloys 
investigated are Sn-4Ag-0.5Cu and Sn-3Ag-0.5Cu with spheres having diameters of 
700, 500, 300 and 200 µm.  In order to quantify the effect of temperature on the 
growth of intermetallics the solder joins formed after reflow are subjected to thermal 
ageing at 150 oC for up to 2000 hours.  To address the above issues and achieve the 
research aims reflow soldering experiments have been conducted and several 
characterization techniques were used in including, optical microcopy, image 
analysis, scanning electron microscopy (SEM) and energy dispersive X-ray analysis 
(EDX).  Special focus will also be on the formation and growth of interfacial voids 
and their influence on the reliability of solder joints. 
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1.3 Objectives of the Research 
 
 
The followings are the objectives of the project: 
 
? To identify the types of intermetallic compounds formed during the 
interfacial reaction between lead-free solders and several surface finish 
metallurgies, mainly electroless nickel/immersion gold (ENIG) and 
immersion silver (ImAg). 
? To quantify the effect of solid state ageing duration on the formation and 
growth of intermetallics both at the solder/ substrate interface and bulk 
solder. 
? To establish the effect of solder bump size, Ag concentration of the solder 
alloy and reflow soldering time on the interfacial reactions. 
 
 
 
 
1.4 Scope of the Research 
 
 
The project consists of two main tasks: 
 
1. Deposition of the surface finish, ENIG and ImAg. This task will involve the 
use of the electroless and immersion plating processes to deposit the desired 
thickness of the finish layers on a copper substrate. 
 
2. The second task aims at conducting experimental work of soldering between 
liquid lead-free solder on the two surface finishes described above and 
evaluate the effect of factors such as, solid state aging, reflow soldering time 
and cooling rates on the formation and growth of intermetallics both at the 
solder/ substrate interface and bulk solder.  Characterization will involve the 
type, morphology and thickness of intermetallics as well as the volume 
fraction of these intermetallics both at the interface and bulk solder. 
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1.5 Importance of the Research 
 
 
In this research, we will try to obtain more knowledge on a new kind of 
surface finish, the immersion silver (ImAg) with lead free solders, i.e., Sn-4Ag-
0.5Cu and Sn-3Ag-0.5Cu.  Other parameters will also be taken into consideration 
like the sizes of the solder ball, i.e., 200µm, 300µm, 500µm and 700µm.  ENIG also 
will be conducted in this research as a comparison to IAg.  We would also study the 
effect of different ageing time on the solder joints such as 0 hour, 250 hours, 500 
hours, 1000 hours and 2000 hours.  We hope that the results from this research would 
provide a clearer view of what is happening in the solder joint and to what extent the 
intermetallics may become detrimental to the solder joint so that more consideration 
factors for future design and material selection could be provided. 
 
 
 
 
1.6 Structure of the Thesis 
 
 
This thesis comprises five chapters.  Chapter one is an introduction in which 
problem statement, objective of the research and scope of work are presented.  The 
literature review is divided into three parts.  Part one is presented in chapter two 
which covers the basics on electronic packaging and methods of bonding such as flip 
chip bonding, wire bonding and tape automated bonding.  The second part of 
literature review is in chapter three and covers the surface finish systems for TSM, 
coating technology and plating techniques.  Whereas the third part of literature 
review (chapter four) discusses the soldering methods as well as the intermetallic 
compounds formation in the solder joint during soldering.  In chapter five, the 
detailed experimental procedure and techniques employed in the current research are 
presented and discussed. In chapter six, results and discussion, the author presents all 
experimental results obtained and evidence to support them.  Finally, in chapter 
seven, a set of conclusions and future work is presented. 
 
